Introduction
============

Physical inactivity is a growing problem in the USA, especially for older people and for those with chronic diseases, such as chronic obstructive pulmonary disease (COPD). Sixty-three percent of older adults do not meet the 2008 Physical Activity Guidelines for Americans,[@b1-copd-9-1081] and the problem is even greater for people with COPD.[@b2-copd-9-1081] A recent systematic review reported that the duration (57%) and intensity (75%) of physical activity (PA) was lower for people with COPD than for age-matched healthy individuals.[@b3-copd-9-1081] In another systematic review, it was noted that people with COPD took fewer steps/day than people with most other chronic diseases; in fact, people with COPD were among the least active groups.[@b4-copd-9-1081]

People with COPD could derive substantial health benefits by increasing PA, but exercise training and pulmonary rehabilitation have been unsuccessful in addressing the problem.[@b5-copd-9-1081] Pulmonary rehabilitation is widely used, and is effective in increasing exercise capacity and health-related quality of life, but for the most part it has not been effective in increasing PA,[@b6-copd-9-1081] possibly because it does not adequately address the behavioral issues associated with many years of habitual inactivity. While many pulmonary rehabilitation programs include health education and the benefits of PA, few have employed theory-based behavioral interventions to change PA behavior.

The primary aim of this research was to determine if an exercise-specific self-efficacy enhancing intervention could increase objectively measured PA and self-reported functional performance when given in the context of a 4-month upper body resistance training program. The secondary aim was to determine if observed treatment effects were maintained for 12 months with a booster session at 3, 6, and 9 months after training. The effects of the intervention on upper body strength and dyspnea were reported elsewhere.[@b7-copd-9-1081]

Materials and methods
=====================

This was a randomized controlled trial with subjects assigned to one of three groups and data collectors blinded to group assignment. All subjects were assigned to an active intervention without being told which intervention was the experimental intervention of interest. We explained that all three interventions were potentially beneficial and that we were comparing the effects of each. Randomization was stratified by sex and disease severity (Global Initiative on Obstructive Lung Disease stages II, III, and IV)[@b8-copd-9-1081] using a customized computer program that blinded investigators to group assignment.

The three groups were an exercise-specific self-efficacy enhancing intervention with upper body resistance training (SE-UBR), health education with upper body resistance training (ED-UBR), and health education with gentle chair exercises (ED-Chair). Briefly, subjects performed resistance training with a cable crossover system twice a week in the laboratory and with hand weights, once a week at home. Gentle chair exercises were performed twice a week in the laboratory and once a week at home. Self-efficacy and educational components of the intervention were provided weekly during the laboratory-based training sessions. A single booster session was provided at 3, 6, and 9 months after the completion of training. For each booster, the SE-UBR group received a resistance training and self-efficacy enhancing session and the other groups received only health education to equalize the attention.

Subjects participated in 4 months of structured training with outcomes measured at baseline, after completing 4 months of training, and at 12 months after the end of the structured training. Outcomes of interest for this report include objectively measured PA and self-reported functional performance.

Sample
------

Subjects were eligible to participate if they had moderate to severe COPD (forced expiratory volume in one second \[FEV~1~\]/forced vital capacity \<70 and FEV~1~ \<80% predicted)[@b8-copd-9-1081] and no other major health problems that limited PA, were aged ≥45 years, were currently in a stable clinical condition, and experienced dyspnea during upper body activity. People were excluded if they required an assistive device to walk. This research was approved by three institutional review boards. Subjects were recruited by letters and local radio advertisements. We used the International Classification of Diseases, Ninth Revision (ICD-9) codes from the medical records of a large urban health system and sent letters to people with codes that indicated a diagnosis of COPD. We then screened respondents to determine if they met the inclusion criteria as previously described.[@b7-copd-9-1081]

Intervention
------------

The self-efficacy enhancing intervention was modeled after an intervention developed by McAuley et al for a seniors' walking program.[@b9-copd-9-1081] The self-efficacy enhancing sessions were designed to promote self-efficacy for upper body strength training and PA in daily life by maximizing all four sources of self-efficacy as described by Bandura.[@b10-copd-9-1081] To optimize the mastery experience, staff provided feedback, graphed subjects' progress, and assisted subjects to recall their progress. Vicarious experience was provided using video clips of other people doing upper body resistance training and talking about the new activities that they were doing and activities they were able to do with greater ease at home. We also mounted posters in the laboratory demonstrating older people exercising and having fun. Verbal and social persuasion experiences were provided by emphasizing the individual's capacity to perform upper body resistance training early in the program and reinforcing observed improvements later in the program. We organized buddy groups of two to three people each, and instructed them to contact each other on the weekends and to call each other if they could not make it to class. We encouraged subjects to measure success as self-improvement and to avoid comparing themselves with others. We helped subjects interpret their physiological and affective states by explaining that it is normal to experience shortness of breath and an increase in heart rate while exercising, and it is normal to experience fatigue and initial muscle soreness after exercising. A detailed description of the self-efficacy enhancing intervention is available upon request from the first author of this paper.

The self-efficacy enhancing intervention included 16 sessions, 15 minutes a week for 4 months, and three booster sessions during the subsequent year at 3, 6, and 9 months. The self-efficacy enhancing sessions addressed the following topics: general principles of exercise (n=3 sessions), coping with respiratory infections by modifying PA (n=4 sessions), overcoming barriers to exercise (n=2 sessions), and establishing an active lifestyle (n=7 sessions).

Health education classes for the two control groups were performed 15 minutes a week and included topics of interest to people with COPD, such as basic lung physiology, pathophysiology of COPD, commonly used medications, breathing techniques, healthy eating, relaxation, travel considerations, and energy conservation. One general education session was administered as a booster at the 3-month, 6-month, and 9-month follow-up visits; specific topics were osteoarthritis, cardiovascular risk factors, and cholesterol.

The self-efficacy and health education components of the intervention were scripted to promote fidelity of the intervention. Research staff members were trained to deliver the intervention in a consistent manner, and intervention fidelity was monitored periodically during the study. Monitoring included the accuracy of content, the affect of staff, and general atmosphere during laboratory training to verify that the self-efficacy enhancing intervention was implemented in a consistent manner and that elements of the self-efficacy enhancing intervention were not accidentally introduced into the other two groups. Monitors provided a plausible rationale for their presence so that the monitoring could be done without the staff's knowledge.

The upper body resistance training and gentle chair exercises are described elsewhere.[@b7-copd-9-1081] Briefly, the upper body resistance training included three sets of eight lifts. Gentle chair exercises included stretching and toning exercises that were not aerobic.

Measures
--------

PA data were collected before and after the completion of training, not during training, so did not include PA associated with exercise training sessions. Physical activity was measured using Actigraph (model 7164) accelerometers worn at the waist and wrist during waking hours for 7 consecutive days. Data from the waist-mounted accelerometers are reported here. Accelerometry data were considered valid and useable if the accelerometer was worn for a minimum of 3 days and for at least 10 hours a day.[@b11-copd-9-1081],[@b12-copd-9-1081] The accelerometry data were defined as sedentary activity at \<100 counts per minute, light physical activity (LPA) at 100--1,951 counts per minute, and moderate to vigorous physical activity (MVPA) at ≥1,952 counts per minute.[@b13-copd-9-1081]--[@b15-copd-9-1081] Sedentary time was reported as minutes per day and as the percentage of monitored time.

The accelerometry data were cleaned to remove nonwear time, defined as ≥60 minutes of zero counts. People with COPD are very sedentary, making it possible to label data as nonwear time when it was actually prolonged inactivity. A second accelerometer was worn on the wrist of the dominant hand, and for purposes of this report, the wrist data were used to validate wear time for the waist-mounted accelerometers. Subjects maintained a daily activity log that was used to facilitate interpretation of accelerometry data. We assumed that waist and wrist accelerometers were both worn together, and when the duration of zero counts was ≥60 minutes for data collected from the waist accelerometer, we checked the wrist data to determine if the wrist was active. If data from the wrist accelerometer and data from the activity log indicated that the subject was still being monitored, then the waist data were treated as valid and not removed as nonwear time.

The Functional Performance Inventory (FPI) was administered as a self-report measure of the effects of health on usual daily activities.[@b16-copd-9-1081] The FPI is constructed of 65 items and multiple subscales, including body care, maintaining the household, physical exercise, recreation, spiritual activities, and social interaction with family and friends. Items range from activities that require a low level of exertion to activities that require a higher level of exertion. Subjects report the level of difficulty they experience in doing each activity on a four-point scale where 1 represents no difficulty, 2 some difficulty, 3 much difficulty, and 4 "don't do" because of health. The data were transformed according to author guidelines, and the potential range for scores is 0--3 for the subscales and total FPI; higher scores reflect higher functional performance. The reliability and validity of the FPI has been established for people with COPD[@b16-copd-9-1081],[@b17-copd-9-1081] and it is sensitive to change, reflecting declines and increases in functional performance over time.[@b18-copd-9-1081],[@b19-copd-9-1081]

The following measures were taken to describe the sample at baseline: spirometry,[@b20-copd-9-1081] lung volumes,[@b21-copd-9-1081] diffusing capacity of the lung for carbon monoxide (DLco),[@b22-copd-9-1081] Charlson Comorbidity Index,[@b23-copd-9-1081] body mass index (BMI), fat-free mass as measured by dual energy X-ray absorptiometry, peak work rate obtained from a symptom-limited incremental cycle ergometry test, and self-reported time spent in physical exercise each week prior to enrolling in this study.

Data analysis
-------------

The data were analyzed using Statistical Package for the Social Sciences version 21 software (IBM Corporation, Armonk, NY, USA). Exploratory analyses were used to determine if the data met the assumptions for statistical tests. Multivariate analysis of variance was used to compare the three groups at baseline and to compare the baseline characteristics for subjects who completed the study and those who withdrew or did not provide valid PA data. Repeated measures multivariate analysis of variance, controlling for age, was used to compare the three groups at baseline and after 4 months of intervention (n=49) and to compare the three groups at baseline, after 4 months of intervention, and at 12 months of follow-up (n=34). Significant interaction effects on the multivariate test were examined by univariate analysis of variance for repeated measures to determine differences between groups for individual variables. Data are presented as the mean ± standard deviation.

Results
=======

Eighty-five subjects with moderate to severe COPD (71 men, 14 women; 13 blacks, 72 whites) were randomized to one of three groups. Sixty-four completed 4 months of training, and of these, 50 returned for measurements at 12 months after the completion of training ([Figure 1](#f1-copd-9-1081){ref-type="fig"}). Some accelerometry data were not valid/useable because subjects failed to wear the monitor for the minimal time required, ie, they did not wear it for three days at least 10 hours a day. They either forgot or chose not to wear the device; some applied the device late and/or removed it early, and some provided two valid measures but did not provide all three. Adherence to the monitoring protocol tended to decline over the course of participation in the study. Sixty-eight subjects provided valid/useable accelerometry data at baseline before training, 56 after the end of 4 months of training, and 37 at 12 months' follow-up. Forty-nine provided valid accelerometry data at both baseline and after 4 months of training, and 34 provided data at all three measurement points.

Forty-nine subjects (41 men, eight women; seven blacks, 42 whites) completed 4 months of training and provided accelerometry data for SE-UBR (n=15), ED-UBR (n=20), and ED-Chair (n=14; [Table 1](#t1-copd-9-1081){ref-type="table"}). The mean BMI was 28±6, with 37% being overweight (BMI 25--29.9) and 27% being obese (BMI \>30). The mean peak work rate was low for all three groups (46, 44, and 40% predicted normal value), suggesting substantially reduced exercise capacity.

Thirty-four subjects (28 men, six women; six blacks, 28 whites) completed 4 months of training and provided accelerometry data at all three measurement points for SE-UBR (n=10), ED-UBR (n=15), and ED-Chair (n=9). This group was similar to the larger group of 49 with respect to mean age (73±8 years), FEV~1~, % predicted (58±18), DLco % predicted (67±21), residual volume (RV)/total lung capacity (TLC; 0.54±0.11) and BMI (28±7). Twenty-four percent were overweight and 30% were obese.

The total group and subgroups as described above were similar with one exception. The 49 subjects who completed 4 months of training and provided accelerometry data had a significantly higher diffusion capacity than those who withdrew or failed to provide valid accelerometry data (DLco % predicted was 65±21 and 55±18, respectively; *P*=0.01). There were no other significant differences between subgroups.

The mean number of valid days of activity monitoring was 6.6±0.89 (n=49), 6.4±1.04 (n=49), and 6.4±0.71 (n=34) at baseline, end of the intervention, and 12 months after the end of the intervention, respectively, with no significant differences between the groups. The mean wear time was 14±2 (n=49), 14±2 (n=49), and 14±1 (n=34) hours a day at baseline, end of the intervention, and 12 months after the end of the intervention, respectively, with no significant differences in wear time between the groups.

Differences were observed in PA after 4 months of training (n=49), time by group interaction effect (*P*=0.045; [Table 2](#t2-copd-9-1081){ref-type="table"}). The SE-UBR group increased LPA and the other groups decreased LPA, post hoc comparisons SE-UBR versus ED-UBR (*P*=0.018) and SE-UBR versus ED-Chair (*P*=0.019). The change in the time spent in LPA was +20.68±29.30 (95% confidence interval \[CI\] −2.36, 43.72) minutes/day for SE-UBR; −22.43±47.88 (95% CI −42.38, −2.47) minutes/day for ED-UBR; and −25.73±51.76 (95% CI −49.58, −1.88) minutes/day for ED-Chair. There were no changes in time spent in MVPA or sedentary activity. The effect size (Cohen's d) for change in the time spent in PA (SE-UBR versus the combined groups of ED-UBR and ED-Chair) was large for LPA (1.14) and very small for MVPA and sedentary activity (0.02 and 0.10, respectively).

All three groups were highly sedentary. The percentage of monitored time spent in sedentary activities before and after training was 72%±9% and 70%±10% for SE-UBR, 68%±10% and 70%±9% for ED-UBR, and 74%±9% and 76%±9% for ED-Chair, respectively (group × time interaction; *P*=0.090).

There was no change in FPI total score for any of the groups ([Table 3](#t3-copd-9-1081){ref-type="table"}) and no change in individual subscale scores before and after training. The FPI Physical Exercise score was the lowest subscale (mean 1.3±0.65) and FPI Body Care was the highest (mean 2.8±0.29). At baseline, the FPI total and FPI Physical Exercise subscale scores were negatively and weakly correlated with sedentary minutes/day (*r*= −0.314, *P*=0.010 and *r*= −0.252, *P*=0.400), but not with LPA minutes/day or MVPA minutes/day. These correlations were not significant at the end of training.

At 12 months, after the completion of training (n=34), there were no significant changes in the time spent in MVPA, LPA, and sedentary activity. All three groups had a nonsignificant decrease in LPA from baseline to 12 months of follow-up. The decrease was a mean of 9±76 minutes/day for the SE-UBR group and 41±73 minutes/day and 56±74 minutes/day, respectively, for the two health education groups (ED-UBR and ED-Chair). The effect size for change in LPA from baseline to 12 months of follow-up (SE-UBR versus combined ED-UBR and ED-Chair) was 0.472, which is just below Cohen's definition of a medium-sized effect (d=0.5), but this analysis was not adequately powered. A sample size of 59 subjects per group would be required to detect an effect of the observed size. There were no significant changes in the FPI total score or subscale scores.

Post hoc analyses were conducted to determine if the obesity of subjects influenced response to the intervention. The groups were too small to examine group effects, so all three groups were combined for this analysis. There was a significant inverse relationship between BMI and LPA at baseline, controlling for age, FEV~1~ % predicted, and DLco % predicted (*r*=−0.319, *P*=0.031), but there was no relationship between BMI and change in PA following the intervention. There was no relationship between BMI and sedentary time or time spent in MVPA at baseline.

As noted above, the DLco % predicted was lower in subjects who withdrew from the study or did not provide valid accelerometer data. We explored this issue by post hoc examination of the relationship between DLco % predicted and PA. Combining all three groups, there was a significant inverse relationship between DLco % predicted and LPA at baseline, controlling for age and FEV~1~ % predicted (*r*=−0.313, *P*=0.032). There was a positive relationship between DLco % predicted at baseline and the change in time spent in LPA at the end of 4 months of training (*r*=0.408, *P*=0.004) and at 12 months of follow-up (*r*=0.418, *P*=0.017). There was no relationship between DLco % predicted and sedentary time or time spent in MVPA.

Discussion
==========

We observed a significant increase in LPA at the end of the training in the SE-UBR group compared with the two control groups. In contrast, the control groups decreased LPA by 22 and 26 minutes/day each. Changes in LPA were not accompanied by self-reported changes in functional performance. The gains in LPA for the SE-UBR group (relative to the control groups) were not sustained at 12 months after the end of training. There was no change in the time spent in MVPA or in sedentary activity.

The observed gains in LPA are important as there is growing evidence to suggest that increasing LPA and decreasing sedentary time provides health benefits independent of the amount of MVPA performed.[@b24-copd-9-1081],[@b25-copd-9-1081] Potential benefits include reduced metabolic risk,[@b26-copd-9-1081]--[@b28-copd-9-1081] attenuation of arterial stiffening in old age,[@b29-copd-9-1081] a reduced risk of hospital admission for COPD,[@b30-copd-9-1081],[@b31-copd-9-1081] a delay in the onset of frailty for older adults,[@b32-copd-9-1081] and decreased risk of mortality.[@b33-copd-9-1081] The volume of LPA required to accrue health benefits is not known, but there is evidence to suggest that replacing 30 minutes of sedentary time with 30 minutes of LPA has the potential to improve physical health as indicated by body mass index, number of health conditions, number of medications, and general health rating.[@b15-copd-9-1081] While the self-efficacy enhancing intervention was successful compared with health education, it is not clear that the observed increase in LPA was clinically meaningful even if it were sustained. The ultimate challenge is to change habits and establish an increase in LPA that is maintained over multiple years.

Physical activity declines with age for healthy older adults,[@b34-copd-9-1081],[@b35-copd-9-1081] and for people with COPD a change in the downward trajectory could be very important. At the end of training the observed increase in LPA for the SE-UBR group was not statistically significant when examined in isolation, but the two control groups experienced a decrease in LPA. The mean group differences (SE-UBR versus ED-UBR and ED-Chair) were much larger, and this illustrates the potential of this intervention to reverse or slow the rate of decline in PA. Others have observed comparable decreases in PA over relatively short periods of time (12[@b36-copd-9-1081] and 36[@b37-copd-9-1081] weeks). The 12-month follow-up demonstrated a similar trend, but at that point the study was underpowered and the variability in PA was high, suggesting that individuals responded differently. Ultimately, a much larger sample will be needed to examine subgroup differences and to identify those who benefit the most from this type of intervention.

It is difficult to compare the observed results with those of other studies because of differences in measures of PA. For people with COPD the time spent in LPA may be comparable with walking time because they tend to walk slowly. The number of steps/day is commonly used as a measure of PA, and 1,000 steps/day is estimated to be equivalent to 10 minutes of brisk walking.[@b4-copd-9-1081],[@b38-copd-9-1081] Neither of these methods provides a measure of the intensity of PA, but they do enable crude comparisons across studies. In addition, it is important to note that PA measures in this study reflect free-living PA and do not include the activity associated with the exercise sessions.

The self-efficacy enhancing intervention produced results that are consistent with other behavioral interventions designed to increase PA.[@b6-copd-9-1081] People with COPD increased PA by 1,263 steps/day after 12 weeks of an Internet-based walking program,[@b39-copd-9-1081] 785 steps/day after 12 weeks of a customized exercise counseling program,[@b36-copd-9-1081] and 609 steps/day after 36 weeks of cell phone supported self-monitoring intervention.[@b37-copd-9-1081] In addition, our results were consistent with interventions that combined exercise and behavioral strategies. Effing et al[@b40-copd-9-1081] demonstrated an increase of 876 steps/day after a 52-week self-management plus COPE-active intervention that included self-management and exercise. Pomidori et al[@b41-copd-9-1081] demonstrated an increase in time spent walking at an intensity greater than 3 METs after 18 weeks of speed walking with a metronome to pace the walking and twice a month telephone calls.

It should be noted that subjects were encouraged to increase their MVPA to meet national PA guidelines, but instead they increased their LPA. The lack of an increase in MVPA is likely explained by two factors. It is possible that subjects overestimated the intensity of their PA and this is supported by their self-report of 68--87 minutes of exercise a week compared with objective measures of 5±5 minutes/day of MVPA at entry into the study. They thought they were exercising at a moderate-to-vigorous intensity, but in fact they were only exercising at a light intensity. Additionally, it could be explained by their pulmonary symptoms and an inability to sustain higher volumes of MVPA on a day-to-day basis.

Subjects in this study were very sedentary, spending less than 1% of their waking time in MVPA. This is consistent with other studies of objectively measured PA in this population. People with COPD from the National Health and Nutrition Examination Survey spent a mean of 6 minutes/day in MVPA, 249 minutes/day in LPA, and 676 minutes/day sedentary, equaling 1%, 27%, and 72% of waking hours, respectively.[@b2-copd-9-1081] Eliason et al[@b42-copd-9-1081] observed a mean of 7.5 and 7.0 minutes/day of MVPA and a mean of 478 and 483 minutes/day of sedentary time for people with moderate and severe COPD, respectively.

Recent evidence demonstrates the health benefits of reducing sedentary time,[@b43-copd-9-1081],[@b44-copd-9-1081] but this monitoring protocol was not designed to capture the full extent of sedentary time. The sedentary time is reported as a percentage of wear time, recognizing that the amount of sedentary time is influenced by the daily wear time of the accelerometer. Subjects were instructed to wear the accelerometer during waking hours and we compared accelerometry data with activity logs, but there is no way to establish the extent to which subjects actually adhered to these instructions. There was no change in sedentary time; this is not surprising because of the potential measurement issues, and the self-efficacy intervention did not emphasize the importance of reducing sedentary time.

The lack of observed changes in self-reported functional performance suggests that subjects did not perceive changes, ie, increases or decreases, in their day-to-day functioning. This is supported by the weak relationship observed between FPI total and FPI Physical Exercise scores and PA at baseline. It suggests that large changes in PA will be required before it is reflected in self-reported functional performance. This is useful information from a clinical perspective because it is important to avoid unrealistic expectations when prescribing an intervention of this nature.

Measurement issues could also influence the observed relationship between functional performance and PA. The FPI was developed for people with COPD. Its reliability and validity has been well established,[@b16-copd-9-1081],[@b17-copd-9-1081] and it has been demonstrated that the FPI scale is sensitive to decreases in functional performance in people with COPD over a 3-year period of time.[@b18-copd-9-1081] In another study, the FPI demonstrated a small but significant increase in response to a 12-week yoga intervention.[@b19-copd-9-1081] Therefore, the instrument appears to be responsive to change. It may be useful to examine the fundamental difference in the measures, given that one is an objective measure of PA and the other is a subjective measure of a related construct. People's perceptions are not always consistent with reality, and this is illustrated in measures of PA. It is well established that self-reported and objectively measured PA can be very different.[@b45-copd-9-1081],[@b46-copd-9-1081] People overestimate their PA, and self-reported PA tends to be higher than objectively measured PA. This creates measurement error and makes it more difficult to detect a difference when it exists. A similar measurement error may exist for self-reported functional performance. Nevertheless, it is important to understand people's perceptions of functional performance outcomes because it could influence their willingness to adhere to a more active lifestyle.

The self-efficacy enhancing intervention had two main thrusts, first to promote adherence to the resistance training protocol and second to promote a physically active lifestyle that meets the guidelines for PA. Seven of the 16 sessions were devoted to increasing lifestyle PA. Group work included strategies for overcoming barriers to exercise and increasing PA with an emphasis on PA guidelines. The feedback to subjects included strength gains and the importance of using the newly acquired strength to increase PA, not on setting specific goals for PA. This was a limitation of the intervention.

The subjects in this study were overweight or obese. This is consistent with the general population in the USA, where more than one third of adults are obese.[@b47-copd-9-1081] It is also consistent with other clinical studies of pulmonary rehabilitation in the USA.[@b48-copd-9-1081]--[@b50-copd-9-1081] Subjects were excluded if they reported difficulty with walking and/or required an assistive device to walk, thereby limiting some of the potential effects of joint problems associated with obesity. The small size in each group limited our ability to explore the relationship between obesity and PA response to the intervention, but it appears that BMI did not influence response to the intervention.

Limitations of this research include the relatively small sample size and the small proportion of women. Subjects were recruited from the community and two local Veterans Administration health systems, creating an imbalance in sex. The sample size was smaller than planned, in part because some subjects did not wear the accelerometer for the full 7 days. The percentage of subjects who provided valid/useable accelerometry data varied across the study (80% at baseline, 87.5% at the end of structured training, and 74% at the 12 months' follow-up). This could be influenced by the burden associated with wearing the accelerometers for 7 days.

There was relatively high attrition in all three groups, and this is seen as a limitation of the research. Part of this can be explained by the substantial effort required for participation and for the long duration of the study, ie, 16 months. Dropouts were distributed throughout each phase; eight before starting training, 14 during training, and 16 during follow-up ([Figure 1](#f1-copd-9-1081){ref-type="fig"}). During training and follow-up, the most common reasons for dropping out were other health problems (n=6), loss of interest (n=6), musculoskeletal problems (n=4), family/personal problems (n=3), and pulmonary health problems (n=2).[@b7-copd-9-1081] An additional 31 subjects did not provide adequate accelerometry data for inclusion in the 12-month follow-up analysis. It is possible that subjects saw participation in the 12-month follow-up as too burdensome and/or they were less engaged in the research, and this influenced their willingness to adhere to the monitoring protocol.

Subjects who withdrew from the study and/or did not provide full accelerometry data had lower diffusion capacity and we cannot explain this. In our post hoc analysis, we found no clear relationship between diffusion capacity and PA. The observed negative relationship between baseline diffusion capacity and LPA is not consistent with clinical expectations. Still, the positive relationship between baseline diffusion capacity and change in LPA is reasonable since the combined groups had a decline in LPA. It suggests that subjects who started with a lower diffusion capacity experienced a greater decline in LPA.

Strengths of this research include the use of a theory-based intervention, attention to the fidelity of the intervention, use of objective measures of PA, and measurement of long-term effects. The self-efficacy enhancing intervention was designed so that it could be easily incorporated in a structured exercise or pulmonary rehabilitation program. Each session lasted only 15 minutes. The sessions were scripted, with structured activities to enhance treatment fidelity.

The self-efficacy enhancing intervention is promising because it resulted in short-term increases in LPA. However, we targeted the current activity guidelines, ie, 30 minutes of moderate PA 5 days a week or 150 minutes a week. Subjects increased their PA by a mean of 140 minutes a week, but with LPA instead of moderate PA. It is possible that this volume of moderate PA is too strenuous for people with COPD and a more realistic target would be LPA, possibly a larger increase in LPA. As noted earlier, an increase in LPA could produce multiple health benefits and be more sustainable over time.[@b15-copd-9-1081],[@b26-copd-9-1081]--[@b33-copd-9-1081]

The fact that the increase in LPA was not sustained is disappointing, but not surprising as long-term maintenance is always challenging. We speculate that a single focused program of behavioral change may not be sufficient to change strongly entrenched habits such as low PA. This may be especially true for people with COPD because of symptoms that interrupt day-to-day PA patterns, including the experience of good days and bad days and acute exacerbations of COPD. To accomplish a sustained change in behavior may require the accumulation of multiple experiences with a variety of behavioral interventions over time, with the experience of each intervention the individual gains new knowledge and experience that will eventually be used to make a lasting change. This would be similar to the pattern observed in people who are trying to lose weight.

In summary the self-efficacy enhancing intervention is promising in that it produced a short-term increase in LPA, but the magnitude was limited and the duration of the effect was not sufficient. Further work is needed to increase the magnitude and duration of effect, possibly by specifically targeting LPA.

This research was funded by the National Institute of Nursing Research R01-NR08037 and the University of Illinois at Chicago General Clinical Research Center M01-RR-13987. The Clinical Trials Registration number is NCT01057797.
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![Flow diagram.\
**Note:** \*These subjects did not have useable accelerometry data for all three time points.\
**Abbreviations:** SE-UBR, self-efficacy and upper body resistance; ED-UBR, health education and upper body resistance; ED-Chair, health education and chair aerobics.](copd-9-1081Fig1){#f1-copd-9-1081}

###### 

Sample characteristics for subjects who completed 4 months of intervention and provided useable accelerometry data at baseline and end of training (n=49)

  -----------------------------------------------------------------------------------
  Variable                                        SE-UBR\     ED-UBR\     ED-Chair\
                                                  (n=15)\     (n=20)\     (n=14)\
                                                  Mean ± SD   Mean ± SD   Mean ± SD
  ----------------------------------------------- ----------- ----------- -----------
  Age, years                                      71±8        72±9        71±8

  FEV~1~, % predicted                             61±20       54±17       56±17

  DLco, % predicted                               70±22       64±20       62±24

  RV/TLC, ratio                                   0.53±0.10   0.56±0.12   0.51±0.07

  Charlson Comorbidity Index                      1.4±0.6     1.8±1.1     1.1±0.5

  BMI, kg/m^2^                                    30±7        26±5        29±7

  Fat-free mass index, kg/m^2^                    20±3        18±3        20±2

  Percent body fat                                33±8        30±6        20±8

  Peak work rate, % predicted                     46±14       44±20       40±14

  Self-reported physical exercise, minutes/week   80±184      87±134      68±100
  -----------------------------------------------------------------------------------

**Abbreviations:** SE-UBR, self-efficacy and upper body resistance; ED-UBR, health education and upper body resistance; ED-Chair; health education and chair aerobics; FEV~1~, forced expiratory volume in one second; DLco, diffusing capacity of the lung for carbon monoxide; RV/TLC, residual volume/total lung capacity; BMI, body mass index; SD, standard deviation.

###### 

Time spent in sedentary, light, and moderate to vigorous physical activity before and after 4 months of intervention and providing useable accelerometry data (n=49)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                                                  SE-UBR (n=15)\   ED-UBR (n=20)\   ED-Chair (n=14)\   Time × group interaction[b](#tfn4-copd-9-1081){ref-type="table-fn"}\
                                                                            Mean ± SD        Mean ± SD        Mean ± SD          *P*-value
  ------------------------------------------------------------------------- ---------------- ---------------- ------------------ ----------------------------------------------------------------------
  MVPA (minutes/day)[a](#tfn3-copd-9-1081){ref-type="table-fn"}                                                                  

   Before                                                                   7±7              6±5              3±4                0.961

   After                                                                    6±6              4±3              3±2                

  LPA (minutes/day)[a](#tfn3-copd-9-1081){ref-type="table-fn"}                                                                   

   Before                                                                   236±81           258±79           222±84             0.010

   After                                                                    256±83           236±70           196±66             

  Sedentary time (minutes/day)[a](#tfn3-copd-9-1081){ref-type="table-fn"}                                                        

   Before                                                                   604±118          577±119          658±129            0.0552

   After                                                                    602±112          577±107          634±114            
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Sedentary activity ≤100 cpm, light physical activity =100--1,952 cpm, moderate to vigorous physical activity ≥1,952 cpm.

Multivariate analysis of variance with repeated measures was performed for the three levels of physical activity, group × time interaction effect was significant, *P*=0.045

univariate analysis of variance.

**Abbreviations:** cpm, counts per minute; SE-UBR, self-efficacy and upper body resistance; ED-UBR, health education and upper body resistance; ED-Chair, health education and chair aerobics; MVPA, moderate to vigorous physical activity; LPA, light physical activity; SD, standard deviation.

###### 

FPI total score before and after 4 months of intervention (n=64)

  ----------------------------------------------------------------
  Variable    SE-UBR (n=21)\   ED-UBR (n=22)\   ED-Chair (n=21)\
              Mean ± SD        Mean ± SD        Mean ± SD
  ----------- ---------------- ---------------- ------------------
  FPI total                                     

   Before     2.1±0.39         2.2±0.49         2.1±0.49

   After      2.2±0.44         2.2±0.49         2.3±0.49
  ----------------------------------------------------------------

**Notes:** The FPI data reported here includes all subjects who completed 4 months of training and provided FPI data regardless of whether or not they provided useable accelerometry data. Univariate analysis of variance with repeated measures controlling for age was performed, group × time interaction effect was not significant, *P*=0.712.

**Abbreviations:** FPI, Functional Performance Inventory; SE-UBR, self-efficacy and upper body resistance; ED-UBR, health education and upper body resistance; ED-Chair, health education and chair aerobics; SD, standard deviation.
